Direct evidence for calpain involvement in apoptotic death of neurons in spinal cord injury in rats and neuroprotection with calpain inhibitor.
To demonstrate calpain involvement in neurodegeneration in rat spinal cord injury (SCI), we examined SCI segments for DNA fragmentation, neurons for calpain overexpression, neuronal death, and neuroprotection with calpain inhibitor (E-64-d). After the induction of SCI (40 g cm force) on T12, rats were treated within 15 min with vehicle (DMSO) or E-64-d. Sham animals underwent laminectomy only. Animals were sacrificed at 24 h, and five 1-cm long spinal cord segments were collected: two rostral (S1 and S2), one lesion (S3), and two caudal segments (S4 and S5). Agarose gel electrophoresis of DNA samples isolated from the SCI segments showed both random and internucleosomal DNA fragmentation indicating occurrence of necrosis as well as apoptosis mostly in the lesion, moderately in caudal, and slightly in rostral segments from SCI rats. Treatment of SCI rats with E-64-d (1 mg/kg) reduced DNA fragmentation in all segments. The lesion and adjacent caudal segments (S3 and S4) were further investigated by in situ double-immunofluorescent labelings that showed increase in calpain expression in neurons in SCI rats and decrease in calpain expression in SCI rats treated with E-64-d. In situ combined TUNEL and double-immunofluorescent labelings directly detected co-localization of neuronal death and calpain overexpressin in SCI rats treated with only vehicle while attenuation of neuronal death in SCI rats treated with E-64-d. Previous studies from our laboratory indirectly showed neuroprotective effect of E-64-d in SCI rats. Our current results provide direct in situ evidence for calpain involvement in neuronal death and neuroprotective efficacy of E-64-d in lesion and penumbra in SCI rats.